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Description

CROSS REFERENCE TO RELATED APPLICATION

�[0001] This application claims the benefit of Provisional Application No. 60/636,500 filed December 16, 2004, the
disclosure of which is incorporated by reference.

FIELD OF THE DISCLOSURE

�[0002] The disclosure relates to polymeric compositions and methods of making and using such compositions. The
compositions incorporate at least one high density polyethylene polymer and at least one polymer including propylene-
derived units.

BACKGROUND INFORMATION

�[0003] It is known to blend two or more polymeric materials to achieve beneficial performance characteristics in the
resulting polymeric composition. One such conventional blending process is the blending of elastomeric and thermoplastic
polymeric materials. For example, as described in U.S. Patent 6,642,316, it is known to blend ethylene propylene based
interpolymers with polypropylene so as to provide a polypropylene dispersed phase and an elastomeric continuous
matrix phase. The overall blend may be elastomeric in nature. The ethylene propylene based interpolymers may be of
the type described in WO 02/083754. WO 04/060994 discloses the production of elastomeric blends by blending pro-
pylene rich polymers with minor amounts of ethylene polymers to produce blends having a continuous phase of the
propylene rich polymer and a dispersed phase of the ethylene polymer.
�[0004] High density polyethylene polymers are widely used in a variety of molded and extruded articles such as
containers and pipes. Pipes made using high density polyethylene are lightweight and can be easily assembled by fusion
welding. Polyethylene pipes also have good flexibility and are corrosion free. PCT Published Applications WO/�91/19763;
WO 02/0903393; and WO 2004/031291 disclose polyethylene polymers and polymer blends with improved environmental
stress crack resistance properties.
�[0005] Other background references include WO 2000/70134.

SUMMARY OF THE DISCLOSURE

�[0006] The disclosure relates to polymeric compositions and methods of making and using such compositions. The
polymeric compositions are found to have beneficial environmental stress crack resistance properties and are useful
and desirable for inclusion in a variety of products. In particular, in one embodiment, the polymeric compositions may
exhibit an environmental stress crack resistance (F100) of at least 24 hours. In other embodiments, the polymeric com-
positions may have an environmental stress crack resistances (F100) of at least 48 hours. In still other embodiments,
the polymeric compositions may exhibit environmental stress crack resistances (F100) of at least 72 hours. The polymeric
compositions may also exhibit beneficial impact resistance properties.
�[0007] The polymeric compositions incorporate at least two polymeric components including a first component that is
at least one high density polyethylene polymer and a second component that is at least one polymer having propylene-
derived units. The at least one high density polyethylene polymer may be selected from a wide variety of high density
polyethylene polymers. The at least one polymer having propylene-�derived units is an elastomer having limited crystallinity
resulting from a controlled disruption in isotactic propylene sequences of the polymer.
�[0008] The at least one high density polyethylene polymer and the at least one polymer having propylene-�derived
units may be combined by any suitable methods including, melt-�blending. The at least one high density polyethylene
polymer and the at least one polymer having propylene-�derived units may also be crosslinked though a variety of
processes known in the art such as dynamic vulcanization or static vulcanization of shaped articles.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0009] FIG. 1 provides a schematic depiction of ESCR properties and flexural modulus properties of certain embod-
iments of the polymeric compositions described herein.

DETAILED DISCLOSURE

�[0010] This disclosure relates to polymeric compositions having beneficial environmental stress crack resistance
properties while exhibiting other beneficial performance properties. For example, the polymeric compositions may also
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exhibit beneficial impact resistance properties. The physical properties of the polymeric compositions make them suitable
for use in a variety of molded product applications. Exemplary product applications are injection molded containers,
extruded pipes as well as rotational and blow-�molded containers, such as agricultural and chemical tanks, large containers
for material handling, portable toilets, instrument and battery cases, vacuum cleaner housings, toy containers, garbage
containers, milk bottles, oil bottles, water bottles, etc.
�[0011] High density polyethylene polymers are favored for use in many articles because of their lightweight and the
ability to be easily molded and extruded. Pipes made from high density polyethylene are also generally easy to assemble
through fusion welding. The polymeric compositions described herein improve upon the general performance charac-
teristics of high density polyethylene by blending at least one elastomeric component in high density polyethylene blends.
Inclusion of the elastomeric component improves the environmental stress crack resistance of the high density polyeth-
ylene as well as the impact resistance of the high density polyethylene.
�[0012] In one embodiment, the polymeric compositions described herein include at least two polymer components.
The first polymer component is at least one high density polyethylene and the second polymer component is at least
one polymer including propylene- �derived units having a heat of fusion of less than 75 J/g with the propylene-�derived
units having an isotactic triad fraction of about 65% to about 99%. In another embodiment, the propylene- �derived units
have isotactic triad fractions of about 70% to about 98%. In still another embodiment, the propylene-�derived units have
isotactic triad fractions of about 75% to about 97%.
�[0013] In one embodiment, the first polymeric component may represent from about 70 parts by weight to about 99.8
parts by weight per 100 parts by weight of the polymeric composition and the second polymeric component may represent
from about 0.2 parts to about 30 parts by weight per 100 parts by weight of the polymeric composition. In another
embodiment, the first polymeric component may represent from about 75 parts to about 99.5 parts per 100 parts by
weight per 100 parts by weight of the polymeric composition and the second polymeric component may represent from
about 0.5 parts to about 25 parts by weight per 100 parts by weight of the polymeric composition. In still another
embodiment, the first polymeric component may represent from about 80 parts to about 99 parts by weight per 100 parts
by weight of the polymeric composition and the second polymeric component may represent from about 1 part to about
20 parts by weight per 100 parts by weight of the polymeric composition. In yet another embodiment, the first polymeric
component may represent at least 85 parts by weight per 100 parts by weight of the polymeric composition and the
second polymeric component may represent from about . �5 parts by weight to about 15 parts by weight per 100 parts by
weight of the polymeric composition. In an additional embodiment, the first polymeric component may represent at least
90 parts by weight per 100 parts by weight of the polymeric composition and the second polymeric component may
represent from about 1 part by weight to about 10 parts by weight per 100 parts by weight of the polymeric composition.
�[0014] In one embodiment, the combined weights of the first polymeric component and the second polymeric compo-
nent comprise from about 60 wt.�% to about 100 wt.�% of the polymeric composition. In another embodiment, the combined
weights of the first polymeric component and the second polymeric component comprise from about 65 wt% to about
90 wt.�% of the polymeric composition. In still another embodiment, the combined weights of the first polymeric component
and the second polymeric component comprise from about 70 wt.�% to about 85 wt% of the polymeric composition.
�[0015] As discussed, the polymeric compositions described herein exhibit beneficial environmental stress crack re-
sistance properties. Environmental stress crack resistance ("ESCR") is determined in accordance with ASTM D- �1693.
In one embodiment, the polymeric compositions exhibit an environmental stress crack resistance (F100) of at least 24
hours. In other embodiments, the polymeric compositions exhibit an environmental stress crack resistance (F100) of at
least 30 hours. In still other embodiments, the polymeric compositions exhibit environmental stress crack resistance of
at least 40 hours. �
The improvement in the ESCR of the polymeric compositions described herein may be expressed as a ratio of the ESCR
of the polymeric compositions to the ESCR of the neat form of the high density polyethylene incorporated in the polymeric
compositions. In one embodiment, the ratio of the ESCR of the polymeric compositions to the ESCR of the neat form
of the high density polyethylenes incorporated in the polymeric compositions is greater than 1.2. In a second embodiment,
the ratio is from about 1.2 to about 100. In a third embodiment, the ratio is from about 1.3 to about 90.
�[0016] The polymeric compositions also exhibit beneficial impact resistance properties. Impact resistance is determined
by the Notched Izod Impact Test measured in accordance with ASTM D-�256. In certain embodiments, the polymeric
compositions described herein exhibit Room Temperature Notched Izod strength of greater than .�033 J/m. In other
embodiments, the polymeric compositions described herein exhibit a Room Temperature Notched Izod strength of
greater than .�04 J/m. In still other embodiments, the polymeric compositions described herein exhibit a Room Temper-
ature Notched Izod strength of greater than .�05 J/m.
�[0017] The polymeric compositions also exhibit reduced flexural modulus relative to neat high density polyethylene
polymers. Since maintenance of the stiffness is important in certain applications, the reduction of flexural modulus, while
maintaining or improving ESCR is an important feature of these compositions. Flexural Modulus is measured in accord-
ance with ASTM D-�790. In certain embodiments, the polymeric compositions described herein exhibit a flex modulus of
at least 410 MPa. In other embodiments, the polymeric compositions described herein exhibit a flex modulus of about
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440 MPa to about 970 MPa. In still other embodiments, the polymeric compositions described herein exhibit a flex
modulus of about 550 MPa to about 930 MPa.
�[0018] The change in the flex modulus of the polymeric compositions described herein may be expressed as a ratio
of the flex modulus of the polymeric compositions to the flex modulus of the neat form of the high density polyethylene
incorporated in the polymeric compositions. In one embodiment, the ratio of the flex modulus of the polymeric compositions
to the flex modulus of the neat form of the high density polyethylenes incorporated in the polymeric compositions is
greater than 0.6. In a second embodiment, the ratio is from about 0.65 to about 0.99. In a third embodiment, the ratio is
from about 0.70 to about 0.98.
�[0019] In certain embodiments, the polymeric compositions described herein may include a variety of other polymeric
components and additives. The various components of the polymeric compositions may be combined by any suitable
method such as blending, including melt blending. Additionally, two or more of the polymeric components of the com-
positions may be crosslinked.
�[0020] FIG. 1 provides a schematic depiction of the ESCR properties and flexural modulus properties of certain
embodiments of the polymeric compositions described herein. Attempts to improve the ESCR of conventional HDPE
compositions involve the addition of lower density ethylene copolymers. However, improvement of ESCR may come at
the expense of stiffness (flex modulus). The compositions and methods described herein provide both high ESCR and
beneficial flex modulus properties. FIG. 1 depicts the range of these properties exhibited by certain embodiments of the
inventive compositions.
�[0021] Certain components of the polymeric compositions are described as follows.

High Density Polyethylene Polymeric Component ("HDPE")

�[0022] The HDPE, the first polymer component, described herein, includes polymers made using a variety of catalyst
systems including Ziegler- �Natta, Phillips-�type catalysts, chromium based catalysts, and metallocene catalyst systems
which may be used with alumoxane and/or ionic activators. Processes useful for preparing such polyethylenes include
gas phase, slurry, solution processes, and the like.
�[0023] The HDPE is a semicrystalline polymer available in a wide range of molecular weighs as indicated by either
MI or HLMI (melt index or high-�load melt index) and includes an ethylene content of at least 80 mole percent based
upon the total moles of the HDPE. If incorporated in the HDPE, comonomers may be selected from butene and other
C3 to C20 alpha olefins. In one embodiment, the comonomers are selected from 1-�butene, 4-�methyl-�1- �pentene, 1- �hexene,
and 1-�octene, and mixtures thereof. If included in the HDPE, in one embodiment, the comonomers will be present up
to about 20 mole percent, based on the total moles of the HDPE. In another embodiment, the commoners are present
at up to about 10 mole percent.
�[0024] In one embodiment, the density of the HDPE is at least 0.935 g/cm3 as defined by ASTM method D-�1505. In
another embodiment, the HDPE has a density of about 0.94 g/cm3 to about 0.97 g/cm3. In a third embodiment, the
density of the HDPE is from about 0.945 g/cm3 to about 0.965 g/cm3.
�[0025] In certain embodiments, the melting point of the HDPE, as measured by a differential scanning calorimeter
(DSC), is from about 120° C to about 145° C. In other embodiments, the melting point of the HDPE is from about 125°
C to about 140° C. In one embodiment, the HDPE has a melt index of from about 0.02 to about 30.0. In a second
embodiment, the melt index of the HDPE is from about 0.05 to about 25.0. In a third embodiment, the melt index of the
HDPE is from about 0.1 to about 20.0.
�[0026] In another embodiment, the HDPE has an MI of from 0.02 to about 30 and an Mw/Mn of from about 1.5 to about 40.
�[0027] Exemplary HDPE’s are commercially available as Marlex TR-�130 from Phillips Chemical Company, M6211
from Lyondell Petrochemicals, Co., and Dow XU 6151.302 from Dow Chemical Co., HD6706, AD 60 007, BA 53 035
from ExxonMobil Chemical, among others.

Polymeric Component Including Propylene-�Derived Units (PPLT)

�[0028] The second polymer component is a polymer with propylene-�derived units ("PPU") with crystalline regions
interrupted by non-�crystalline regions. The non-�crystalline regions may result from regions of non-�crystallizable polypro-
pylene segments and/or the inclusion of comonomer units. The crystallinity and the melting point of the PPU are reduced
compared to highly isotactic polypropylene by the introduction of errors in the insertion of propylene and/or by the
presence of comonomer. The PPU melting point is 105° C or less as determined by DSC.
�[0029] In one embodiment, the PPU comprises at least 75 wt.�% of propylene-�derived units. In another embodiment,
the PPU comprises from 75 wt.�% to 95 wt.�% of propylene-�derived units. In still another embodiment, the PPU comprises
from 80 wt. �% to 90 wt. �% of propylene-�derived units.
�[0030] In one embodiment, the PPU has a Shore A hardness of less than about 90. In another embodiment, the PPU
a Shore A hardness of about 45 to about 90. In still another embodiment, the PPU has a Shore A hardness of about 55
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to about 80.
�[0031] In one embodiment, the PPU has an MFR of about 0.5 to about 200. In another embodiment, the PPU has an
MFR of about 1 to about 100. In still another embodiment, the PPU has an MFR of about 1 to about 50.
�[0032] The crystallinity of the PPU may be expressed in terms of heat of fusion. In certain embodiments, the PPU has
a heat of fusion, as determined by DSC, ranging from a lower limit of 1.0 J/g, or 1.5 J/g, or 3.0 J/g, or 4.0 J/g, or 6.0 J/g,
or 7.0 J/g, to an upper limit of 30 J/g, or 40 J/g, or 50 J/g, or 60 J/g, or 75 J/g. Without being bound by theory, it is believed
that the PPU described herein has generally isotactic crystallizable propylene sequences, and the heats of fusion de-
scribed above are thought to result from melting of these crystalline segments. In one embodiment, the PPU has a heat
of fusion of less than 60 J/g. In one embodiment, the level of crystallinity of the PPU is also reflected in a lower melting point.
�[0033] In one embodiment, the PPU has a weight average molecular weight (Mw) within the range having an upper
limit of 5,000,000 g/mol, or 1,000,000 g/mol, or 500,000 g/mol, and a lower limit of 10,000 g/mol, or 15,000 g/mol, or
20,000 g/mol, or 80,000 g/mol, and a molecular weight distribution Mw/Mn (MWD), sometimes referred to as a "polydis-
persity index" (PDI), within the range having an upper limit of 40, or 20, or 10, or 5, or 4.5, and a lower limit of 1.5, or
1.8, or 2.0.
�[0034] In one embodiment, the propylene-�derived units of the PPU have an isotactic triad fraction of about 65% to
about 99%. In another embodiment, the propylene- �derived units of the PPU have an isotactic triad fraction of about 70%
to about 98%. In still another embodiment, the propylene-�derived units of the PPU have an isotactic triad fraction of
about 75% to about 97%.
�[0035] In some embodiments, the crystallinity of the PPU is reduced by the copolymerization of propylene with limited
amounts of one or more comonomers selected from: ethylene, C4-C20 alpha-�olefins, and polyenes. In one embodiment,
the PPU comprises at least 5 wt.�% of the alpha- �olefin comonomer units. In another embodiment, the PPU comprises
about 10 wt.�% to about 20 wt.�% of the alpha-�olefin comonomer units. In another embodiment, the PPU comprises from
about 75 wt.�% to about 95 wt.�% propylene- �derived units and from about 5 wt.�% to about 25 wt.�% of the ethylene-�derived
units. In still another embodiment, the PPU comprises from about 80 wt. �% to about 95 wt. �% propylene- �derived units
and from about 5 wt.�% to about 20 wt. �% the ethylene-�derived units. In an additional embodiment, the PPU comprises
at least 70 wt.�% of propylene- �derived units and about 5.0 wt. �% to about 30.0 wt.�% of ethylene-�derived units.
�[0036] The optional polyene units may be derived from any hydrocarbon structure having at least two unsaturated
bonds wherein at least one of the unsaturated bonds may be incorporated into a polymer. For example, the optional
polyene may be selected from straight chain acyclic olefins, such as 1,4- �hexadiene and 1,6-�octadiene; branched chain
acyclic olefins, such as 5- �methyl- �1,4-�hexadiene, 3,7- �dimethyl- �1,6-�octadiene, and 3,7-�dimethyl- �1,7-�octadiene; single ring
alicyclic olefins, such as 1,4- �cyclohexadiene, 1,5-�cyclooctadiene, and 1,7- �cyclododecadiene; multi- �ring alicyclic fused
and bridged ring olefins, such as tetrahydroindene, norbornadiene, methyl-�tetrahydroindene, dicyclopentadiene, bicyc-
lo-(2.2.1)-hepta-�2,5-�diene, alkenyl norbornenes, alkylidene norbornenes,� cycloalkenyl norbornenes, and cycloalkyliene
norbornenes (such as 5- �methylene- �2- �norbornene, 5-�ethylidene-�2-�norbornene, 5- �propenyl- �2-�norbornene, 5-�isopropyli-
dene-�2-�norbornene, 5-(4- �cyclopentenyl)-�2-�norbornene, 5-�cyclohexylidene- �2-�norbornene, and 5-�vinyl-�2-�norbornene);
and cycloalkenyl- �substituted alkenes, such as vinyl cyclohexene, allyl cyclohexene, vinyl cyclooctene, 4-�vinyl cyclohex-
ene, allyl cyclodecene, vinyl cyclododecene, divinyl benzene, and tetracyclo (A-�11,12)- �5,8-�dodecene.
�[0037] In one embodiment, the PPU incorporates from about 1 wt.�% to about 12 wt% of polyene-�derived units, based
on the combined weight of the propylene-�derived units and the alpha-�olefin-�derived units, if any. In another embodiment,
the PPU incorporates from about 1.0 wt.�% to about 9.0 wt. �% of polyene- �derived units, based on the combined weight
of the propylene-�derived units and the alpha-�olefin-�derived units, if any. In another embodiment, the PPU incorporates
from about 2.0 wt. �% to about 7.0 wt. �% of polyene-�derived units, based on the combined weight of the propylene-�derived
units and the alpha-�olefin- �derived units, if any. In yet another embodiment, the PPU incorporates from about 3.0 wt. �%
to about 5.0 wt.�% of polyene- �derived units, based on the combined weight of the propylene-�derived units and the alpha-
olefin- �derived units, if any.
�[0038] In one embodiment, the polyene-�derived units are derived from 5-�ethylidene-�2-�norbornene. In another embod-
iment, the polyene-�derived units are derived from 5-�vinyl- �2-�norbornene. In still another embodiment, the polyene-�derived
units are derived from divinyl benzene.
�[0039] The polymeric compositions described herein are not limited by any particular polymerization method for pre-
paring the PPU of the invention, and the polymerization processes described herein are not limited by any particular
type of reaction vessel.
�[0040] In one embodiment, the catalyst system used to produce the PPU includes one or more transition metal com-
pounds and one or more activators. When alumoxane or aluminum alkyl activators are used, the combined pre-�catalyst-
to-�activator molar ratio is from 1:�5000 to 10: �1. When ionizing activators are used, the combined pre-�catalyst- �to-�activator
molar ratio is from 10:�1 to 1: �10. Multiple activators may be used, including using mixtures of alumoxanes or aluminum
alkyls with ionizing activators. In other embodiments, the methods and catalyst systems disclosed in U.S. Patent Appli-
cation 20040024146 published February 5, 2004 may be used to produce the PPU. In still other embodiments, the PPU
may be produced using catalyst systems such as the nonmetallocene, metal- �centered, heteroaryl ligand catalyst systems
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as described in U.S. Patent Application 20030204017 published October 30, 2003.
�[0041] One or more reactors in series or in parallel may be used in the present invention. The catalyst component
and activator may be delivered as a solution or slurry, either separately to the reactor, activated in- �line just prior to the
reactor, or preactivated and pumped as an activated solution or slurry to the reactor. Polymerizations are carried out in
either single reactor operation, in which monomer, comonomers, catalyst/�activator, scavenger, and optional modifiers
are added continuously to a single reactor or in series reactor operation, in which the above components are added to
each of two or more reactors connected in series. The catalyst components can be added either to the first reactor in
the series or to both reactors with one component being added to first reaction and another component to the other
reactors.
�[0042] Exemplary PPU’s are commercially available from ExxonMobil Chemical under the tradename Vistamaxx™

and from The Dow Chemical Company under the tradename Versify™.
�[0043] For further general process condition information suitable for use in preparing the PPU’s, see U.S. Patent
5,001,205 and PCT publications WO 96/33227 and WO 97/22639. For further information on gas phase polymerization
processes, see U.S. Patents 4,543,399; 4,588,790; 5,028,670; 5,317,036; 5,352,749; 5,405,922; 5,436,304; 5,453,471;
5,462,999; 5,616,661; 5,627,242; 5,665,818; 5,668,228; and 5,677,375, and European publications EP- �A- 0 794 200;
EP- �A- 0 802 202; and EP-�B- 634 421. For information relating to methods of introducing liquid catalyst systems into
fluidized bed polymerizations into a particle lean zone, see U.S. Patent 5,693,727. For further information on slurry
polymerization processes, see U.S. Patents 3,248,179 and 4,613,484. PCT publication WO 96/08520 and U.S. Patent
5,712,352 describe a polymerization process operated in the absence of or essentially free of any scavengers, although
the use of scavengers is contemplated for producing the PPU described herein.

Additional Components

�[0044] As mentioned above, the polymeric compositions described herein may include polymeric and additive com-
ponents in addition to the HDPE and PPU polymeric components described above. The following is a description of
exemplary additional components.

Third Polymer Component (TPC)

�[0045] In some embodiments, the polymeric compositions described herein may include another polymer incorporating
propylene-�derived units that will be referred to as a third polymer component ("TPC"). The TPC has a melting point
determined by DSC of 115° C or higher. In some embodiments, the TPC may have isotactic propylene-�type crystallinity,
and may be selected from: propylene homopolymers, propylene copolymers, and mixtures thereof, including mixtures
of the type commonly referred to as reactor copolymers or impact copolymers. In embodiments where the TPC includes
a propylene copolymer, the propylene copolymer may be a graft copolymer, block copolymer, reactor made polypropylene
ethylene-�propylene copolymer blend, or random copolymer.
�[0046] In one embodiment, the TPC is at least 0.5 parts by weight per 100 parts by weight of the polymeric composition
of a isotactic polypropylene based polymer having a melting point of at least 115° C as determined by DSC and/or at
least 0.5 parts of an ethylene interpolymer having a density of less 0.91 g/cm3

�[0047] In some embodiments, the amount of propylene-�derived units present in the TPC is 90 wt.�% or higher, or 92
wt. �% or higher, or 95 wt. �% or higher, or 97 wt.�% or higher, or 100 wt. �%, based on the total weight of the TPC. If the TPC
is a reactor polypropylene ethylene-�propylene copolymer blend, the total amount of ethylene in the copolymer blend is
within the range of 1 wt% to 40 wt.�%. In one embodiment, the propylene- �derived units of the TPC have an isotactic triad
fraction of about 50% to about 99%. In another embodiment, the propylene-�derived units of the TPC have an isotactic
triad fraction of about 70% to about 98%. In still another embodiment, the propylene- �derived units of the TPC have an
isotactic triad fraction of about 80% to about 98%.
�[0048] In one embodiment, the TPC includes a random copolymer of propylene and at least one comonomer selected
from one or more of: ethylene and C4-C12 alpha-�olefins. In certain embodiments, the amount of comonomer is within
the range having an upper limit of 15 wt.�%, or 13 wt. �%, or 11 wt.�%, or 9 wt. �%, or 8 wt. �%, or 6 wt. �%, and a lower limit of
2 wt. �%, based on the total weight of the TPC. In one embodiment, the TPC incorporates from about 2 wt.�% to about 10
wt. �% of the comonomer units.
�[0049] In certain embodiments, the TPC has a melting point by DSC of at least 125° C, or at least 130° C, or at least
135° C and a heat of fusion, as determined by DSC, of at least 40 J/g, or at least 50J/g, or at least 60 J/g, or at least 70
J/g, or at least 80 J/g.
�[0050] In various embodiments, the TPC has a weight average molecular weight (Mw) within the range having an
upper limit of 5,000,000 g/mol, or 500,000 g/mol, and a lower limit of 10,000 g/mol, or 50,000 g/mol, and a molecular
weight distribution Mw/Mn (MWD), sometimes referred to as a "polydispersity index" (PDI), within the range having an
upper limit of 40 and a lower limit of 1.5.
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�[0051] The TPC may be prepared by any of various methods. In one embodiment, the TPC may be a propylene
homopolymer obtained by a well known process for the homopolymerization of propylene in a single stage or multiple-
stage reactor. In another embodiment, the TPC may be a propylene copolymer obtained by a well known process for
copolymerizing propylene and one or more comonomers in a single stage or multiple-�stage reactor.
�[0052] Polymerization methods for preparing the TPC include high pressure, slurry, gas, bulk, solution phase, and
combinations thereof. Catalyst systems that can be used include traditional Ziegler-�Natta catalysts and single-�site met-
allocene catalyst systems. In one embodiment, the catalyst used has a high isospecificity.
�[0053] Polymerization of the TPC may be carried out by a continuous or batch process and may include the use of
chain transfer agents, scavengers, or other such additives well known to those skilled in the art. The TPC may also
contain additives such as flow improvers, nucleators, and antioxidants which are normally added to isotactic polypropylene
to improve or retain properties.
�[0054] In one embodiment, the polymeric compositions described herein incorporate from about 5 part by weight to
about 10 parts by weight of the TPC per 100 parts by weight of the polymeric composition. In another embodiment, the
polymeric compositions described herein incorporate from about 5 parts by weight to about 10 parts by weight of the
TPC per 100 parts by weight of the polymeric composition. In still embodiment, the polymeric compositions described
herein incorporate from about 5 parts by weight to about 8 parts by weight of the TPC per 100 parts by weight of the
polymeric composition.

Fourth Polymer Component (FPC)

�[0055] Some embodiments of the polymeric compositions described herein include a fourth polymer component
("FPC") having a density of less than .�935 g/cm3. The FPC, which in some embodiments may have ethylene- �type
crystallinity, may be a copolymer of ethylene and a second alpha-�olefin. In another embodiment, the FPC may be a
polymer comprising monomer units selected from ethylene, another alpha-�olefin, and a diene. In one embodiment, the
level of ethylene-�derived units in the FPC is 50 mol% or greater. In one embodiment, the FPC is an ethylene- �octene
copolymer. In another embodiment the FPC is a copolymer of ethylene, propylene, and diene, commonly referred to as
"EPDM". In one embodiment, the level of propylene-�derived units in the FPC is 40 mol% or greater.
�[0056] In one embodiment, the polymeric compositions described herein incorporate from about 1 part by weight to
about 10 parts by weight of the FPC per 100 parts by weight of the polymeric composition. In another embodiment, the
polymeric compositions described herein incorporate from about 5 parts by weight to about 10 parts by weight of the
FPC per 100 parts by weight of the polymeric composition. In a third embodiment, the polymeric compositions described
herein incorporate from about 5 parts by weight to about 8 parts by weight of the FPC per 100 parts by weight of the
polymeric composition.

Additives

�[0057] The polymeric compositions describe herein may include one or more additive components in addition to the
polymer components described above. Various additives may be present to enhance a specific property or may be
present as a result of processing of the individual components. Additives which may be incorporated include, but are
not limited to, fire retardants, antioxidants, plasticizers, pigments, vulcanizing or curative agents, vulcanizing or curative
accelerators, cure retarders, processing aids, flame retardants, tackifying resins, flow improvers, and the like. Antiblocking
agents, coloring agents, lubricants, mold release agents, nucleating agents, reinforcements, and fillers (including gran-
ular, fibrous, or powder- �like) may also be employed. Nucleating agents and fillers may improve the rigidity of the article.
The list described herein is not intended to be inclusive of all types of additives which may be employed with the present
invention.
�[0058] It will be appreciated that other additives may be employed to enhance properties of the composition. As is
understood by those skilled in the art, the polymeric compositions may be modified to adjust the characteristics of the
blend as desired.
�[0059] The polymeric compositions described herein may also contain inorganic particulate fillers, which may improve
the mechanical and wear properties of the compositions. The amount of inorganic filler used is typically less than 60 wt.
%, or less than 50 wt. �%, or less than 40 wt. �%, or less than 30 wt.�%, based on the total weight of the composition. The
inorganic fillers include particles less than 1 mm. in diameter, rods less than 1 cm in length, and plates less than 0.2
cm2 in surface area. Exemplary particulate fillers include carbon black, clays, titanium and magnesium oxides, and silica.
In addition, other particulate fillers, such as calcium carbonate, zinc oxide, whiting, and magnesium oxide, can also be
used. An example of a rod- �like filler is glass fiber. An exemplary platelike filler is mica. The addition of very small
particulates, commonly referred to as nanocomposites, is also contemplated. The addition of the fillers may change the
properties of the compositions described herein. For example, polymeric compositions including inorganic filler may
have improved thermal stability and resistance to wear. The addition of white fillers may improve the temperature changes
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of the hydrocarbon polymers on exposure to sunlight. The addition of fillers beyond a certain level may lead to a dramatic
increase in the viscosity and a corresponding decrease in processability. This threshold level is referred to as the
percolation threshold. The percolation threshold is attained at different levels of addition of fillers depending on the type
of filler used. Generally, the percolation threshold is attained at lower levels for fillers with a smaller size than for fillers
with a larger size.
�[0060] The addition of process aids, such as a mixture of fatty acid ester or calcium fatty acid soap bound on a mineral
filler, to the compositions described herein may help the mixing of the composition and the injection of the composition
into a mold. Other examples of process aids are low molecular weight polyethylene copolymer wax and paraffin wax.
The amount of process aid used may be within the range of from 0.5 to 5 phr.
�[0061] Adding antioxidants to the compositions described herein may improve the long term aging. Examples of
antioxidants include, but are not limited to quinolein, e.g., trimethylhydroxyquinolein (TMQ); imidazole, e.g., zincmercapto
toluyl imidazole (ZMTI); and conventional antioxidants, such as hindered phenols, lactones, and phosphites. The amount
of antioxidants used may be within the range of from . �001 to 5 phr.
�[0062] In one embodiment, the polymeric compositions described herein include about 1 wt.�% to about 60 wt. �% of an
additive selected from the group consisting of a filler, a pigment, a coloring agent, a processing oil, a plasticizer, and
mixtures thereof. In another embodiment, the polymeric compositions described herein include about 5 wt.�% to about
50 wt.�% of an additive selected from the group consisting of a filler, a pigment, a coloring agent, a processing oil, a
plasticizer, and mixtures thereof. In still another embodiment, the polymeric compositions described herein include about
10 wt.�% to about 40 wt. �% of an additive selected from the group consisting of a filler, a pigment, a coloring agent, a
processing oil, a plasticizer, and mixtures thereof.

Blending Polymeric Components and Additives

�[0063] The compositions described herein may be prepared by any procedure that provides an intimate mixture of
the polymeric components. Generally, the first step of the process is mixing the polymeric components and optional
additives, such as process oil, fillers, colorants, antioxidants, nucleators, and flow improvers using equipment such as,
but not limited to a Carver press for melt pressing the components together, internal mixers such as a Banbury mixer
or a Brabender mixer for solution or melt blending of the components, and equipment used for continuous mixing
procedures including single and twin screw extruders, static mixers, impingement mixers, as well as other machines
and processes designed to disperse the components in intimate contact. A complete mixture of the polymeric components
is indicated by the uniformity of the morphology of the composition. Such procedures are well known.
�[0064] In embodiments in which crosslinking of the polymeric components is desired, the next step is mixing a chemical
curative, such as peroxides or sulfur compounds, with the intimate mixture, and then fabricating the intimate mixture
including the chemical curative into the final shape of the article and raising the temperature for an extended period of
time to allow the crosslinking to take place. In another embodiment, the next step is fabricating the intimate mixture into
the final shape of the article, and then exposing the fabricated mixture to an external curative agent, such as high energy
radiation, to allow crosslinking of the PPU.
�[0065] For addition information regarding processes for preparation of polymeric blend compositions, including the
crosslinking of polymeric components, see co-�pending U.S. Patent Application Serial No. 60/519,975 filed November
14, 2003.

Processed Polymeric Compositions

�[0066] As discussed above, the unique performance characteristics of the polymeric compositions described herein
make them useful to produce a wide assortment of products. Among the materials that may be produced using the
polymeric compositions described herein are injection, roto-�molded and blow-�molded containers and extruded pipes.

Molded Products

�[0067] The polymeric compositions described above may also be used to prepare molded products in any molding
process, including but not limited to, injection molding, gas-�assisted injection molding, extrusion blow molding, injection
blow molding, injection stretch blow molding, compression molding, rotational molding, foam molding, thermoforming,
sheet extrusion, and profile extrusion. The molding processes are well known to those of ordinary skill in the art.
�[0068] Injection molding is an important process for producing moldings from thermoplastics. This significance is due
to the ability of injection molding to produce complex molding geometries in a single stage with high levels of reproducibility.
Plastics finishing is largely unnecessary and a high degree of automation is possible. All manner of consumer goods
and commodity articles are manufactured using injection molding of polyethylene thermoplastics.
�[0069] To injection mold a part, polyethylene thermoplastic pellets, granules or powders are melted and injected under
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pressure into a cavity of a mold where the melted resin is solidified by cooling for subsequent removal. More detailed
discussion of injection molding may be found in Ulman’s Encyclopedia of Industrial Chemistry, Vol. A20, Plastics Process-
ing, pages 688-696 (VCH Publishers, 1992).
�[0070] Rotational molding or rotational casting, more commonly known as rotomolding, is widely used for molding
hollow articles, and can be used to mold small and large containers. To rotomold an article, a powdered, polymeric resin
is charged inside a mold shell, which is then, typically, rotated on two axes and heated to cause the melting resin to
adhere to the inside of the mold. After sufficient heating time, the mold is moved to a cooling chamber, and after cooling,
the molded part is removed to begin another molding cycle. More detailed discussion of rotomolding may be found in
Modem Plastics Encyclopedia 1990, pages 317-318, and in Encyclopedia of Polymer Science and Engineering, pages
659-670 (J. Wiley & sons, 1990).
�[0071] It will be understood by those skilled in the art that the steps outlined above may be varied, depending upon
the desired result. Exemplary articles made using the polymeric compositions described herein include small and large
container, such as tanks utilized in chemical and agricultural industries, rotomolded containers used in packaging and
material handling, portable toilets, instrument and battery cases, light globes, vacuum cleaner housing, toys, detergent
or oil storage containers, corrugated pipes etc.

EXPERIMENTAL EVALUATIONS

�[0072] The following test methods and procedures were used in conducting experimental evaluations of various pol-
ymeric compositions as hereinafter described.

Test Methods

�[0073] Comonomer content: The comonomer content and sequence distribution of the polymers can be measured
using 13C nuclear magnetic resonance (NMR) by methods well known to those skilled in the art. Comonomer content
of discrete molecular weight ranges can be measured using methods well known to those skilled in the art, including
Fourier Transform Infrared Spectroscopy (FTIR) in conjunction with samples by GPC, as described in Wheeler and
Willis, Applied Spectroscopy, 1993, vol. 47, pp. 1128-1130.
�[0074] In the particular case of propylene-�ethylene copolymers containing greater than 75 wt. �% propylene, the comon-
omer content can be measured as follows. A thin homogeneous film is pressed at a temperature of about 150°C or
greater, and mounted on a Perkin Elmer PE 1760 infrared spectrophotometer. A full spectrum of the sample from 600
cm-1 to 4000 cm-1 is recorded and the monomer weight percent of ethylene can be calculated according to the following
equation: Ethylene wt% = 82.585 -111.987X + 30.045X2, where X is the ratio of the peak height at 1155 cm-1 and peak
height at either 722 cm-1 or 732 cm-1, whichever is higher.
�[0075] Polyene content: The amount of polyene present in a polymer can be inferred by the quantitative measure of
the amount of the pendant free olefin present in the polymer after polymerization. Several procedures such as iodine
number and the determination of the olefin content by H1 or 13C nuclear magnetic resonance (NMR) have been estab-
lished. In embodiments described herein where the polyene is ENB, the amount of polyene present in the polymer can
be measured using ASTM D3900.
�[0076] Melt Indexes were measured by ASTM method D-�1238.
�[0077] Flexural Modulus was measured using ASTM method D-�790.
�[0078] Density was measured using ASTM method D-�1505.
�[0079] Notched Izod Impact (J/M) was measured using ASTM method D-�256.
�[0080] 1% Secant Modulus and Tangent Modulus were measured using ASTM method D-�790.
�[0081] Tensile Strength, Tensile Strain, Young’s Modulus (MPa), Elongation @ Yield (%), and Elongation @ Break
(%) were measured by ASTM method D-�638.
�[0082] Instrumented Impact was measured using a method developed by ExxonMobil. This method is described in
T. C. Yu "Impact Modification of Polypropylenes with Exact Plastomers", Soc. of Plastics Engineers, ANTEC, May 1994.
Multi-�axial tests were performed at -30° C and -40° C using a Dynatup® instrumented impact tester fitted with an
environmental chamber and cooled using liquid nitrogen. The specimens were conditioned for 24 hours at either -30°
C or - 40° C prior to testing. This test consists of puncturing a cylindrical test specimen (152 mm diameter, 3.2 mm
thickness) with a falling weight fitted with a 20.3 mm hemispherical striker. Both the weight of the striker and the velocity
with which it strikes the specimen can be adjusted. The striker normally loses about 10 % of its impact velocity while
passing through the sample. A minimum of 5 samples was tested for each condition. For this test method, high-�speed
puncture testing based on ASTM D-�3763 was used to study impact behavior. This test continuously measures the applied
force and time during the impact event. The electronically collected data points are next processed through a computer
to provide graphic representation of both force and energy as a function of displacement. A drop- �weight tester, Ceast
Fractovis, was used to gather the data. It consists of three main parts: clamp assembly, plunger assembly, and IBM PC
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based control unit. Two parallel rigid plates with a large opening to expose the test specimen form the clamp assembly.
Both the top and bottom plates are of the same dimension. The plunger assembly consists of a steel rod with a removable
hemispherical tip to hold the measuring strain gauge. It is located perpendicular to and centered on the clamp hole. A
control unit regulates the plunger test speed, as well as records the load and displacement data. Similar to the conventional
notched Izod testing, the test geometries need to be carefully defined because they are not precisely specified in the
ASTM procedure. A 20 mm diameter hemispherical striker and a 40 mm opening clamp were used for this study. The
test speed was set at 4 m/sec. For sub-�ambient temperature testing, test specimens were chilled in a freezer for four
hours at the test temperature. They were then stored in a liquid nitrogen cooled test chamber underneath the clamp
assembly for further conditioning before testing. A force-�displacement graph may be generated for a ductile material.
Integration of the force displacement curve, in turn, yields an energy- �displacement curve. This energy is reported in the
Tables below. Initially, a ductile material may behave as elastic solid in that deformation is proportional to the displacement.
The initial slope of the generated graph is therefore a measure of the sample stiffness. After the elastic region, the
sample starts to yield to the advancing plunger. At the yield point, the sample exerts its maximum resistance; the yield
point is therefore the highest point on the force- �displacement curve. Afterwards, the high speed plunger initiates a crack
in the sample and starts its downward penetration of the test specimen. The sample then starts to draw to accommodate
the advancing plunger. Then, the plunger punctures through the test specimen; and, finally, a small amount of energy
is needed to overcome the friction between the test plunger and the plastic sample. Because of the large extent of this
sample drawing, the total energy is approximately twice the yield energy. A ductility index (DI) can be defined as: DI =
[(Total Energy - Yield Energy)�/ �Yield Energy] x 100.
�[0083] ESCR was measured by ASTM D-�1693.
�[0084] Blends shown in following Examples were made by mixing all components, including the HDPE component,
the PPU component, the optional amounts of other ingredients in a 30mm ZSK® twin- �screw extruder with a temperature
profile of 177/182/188/193/204°C, and a screw rpm of 170. Compounding in the twin screw extruder was accomplished
using an intense mixing screw element. The batch size was about 5000 gm. The blends discharged from the extruder
were then pelletized and injection molded into test specimens.
�[0085] Standard test specimens conforming to ASTM specifications were prepared by injection molding on a 300-�ton
Van Dorn press. A family mold containing various ASTM specimen cavities was used. The conditions used to mold the
various samples of different Melt Indices are familiar to those skilled in the art.
�[0086] Experimental evaluations of comparative polymeric compositions and polymeric compositions exemplary of
those described here were conducted. Table 1 lists the polymeric components used in all of the polymeric compositions
evaluated with selected properties indicated. Included among the polymeric components listed are: (1) high density
polyethylene ("HDPE") and (2) polymers comprising propylene-�derived units (PPU’s).�

�[0087] Table II details various properties of comparative polymeric compositions and polymeric composites exemplary
of the polymeric compositions described herein. �

Table I

Sample Commercial Designation M1 Density ML�(1+4) �@ 125° C C2 (wt%)

HDPE 1 HD6706 6.5 0.95

HDPE2 AD 60-007 0.73 0.963

HDPE3 BA 53-035 3.5 0.953

PPU1 22 17.5

PPU2 17 10.1
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�[0088] Examples 1-9 show the physical properties of HD6706 and blends with PPU1, over a range of blend compo-
sitions. The ESCR of HD6706 (Example 1) is 8 hours, in contrast, addition of 2 wt.�% of PPU2 (Example 4), increases
the ESCR to 24 hours, with essentially no change in the flex modulus. At the same time, the Impact Properties, as
measured by the Room Temperature Notched Izod (RTNI), increases by almost 50%. Similarly, addition of only 5 wt.�%
of PPU1 (Example 6), increases the ESCR to 120 hours, an improvement of 1400%, impact properties improves by
almost 100%, while the flex modulus decreases by only about 13%. Similarly, comparing Example 10 with Example 14,
one notes that addition of only 4 wt.�% of PPU1, causes the ESCR to increase by 300%, while causing a decrease in
the flex modulus of only 10%. Similar results are observed in Example series 15-20 and series 21-25.
�[0089] With respect to the various ranges set forth herein, any upper limit recited may, of course, be combined with
any lower limit for selected sub- �ranges.
�[0090] All patents and publications, including priority documents and testing procedures, referred to herein are hereby
incorporated by reference in their entireties.
�[0091] Although the present invention and its advantages have been described in detail, it should be understood that
various changes, substitutions, and alterations could be made without departing from the spirit and scope of the invention
as defined by the following claims.

Claims

1. A polymeric composition comprising: �

(i) from 70 parts to 99.5 parts by weight of at least one high density polyethylene polymer having a density of
at least 0.935 g/cm3 per 100 parts by weight of the polymeric composition; and
(ii) from 0.5 parts to 30 parts by weight of at least one polymer comprising propylene-�derived units having a
heat of fusion of less than 75 J/g wherein the propylene-�derived units have an isotactic triad fraction of 65% to
99% per 100 parts by weight of the polymeric composition;

wherein the polymeric composition has a flex modulus of at least 410 MPa.

2. Composition according to Claim 1 which has an environmental stress crack resistance (F100) of at least 24 hours.

3. Composition according to Claim 1 or Claim 2 in which the at least one polymer comprising propylene-�derived units
is a copolymer comprising at least 75 wt. �% of propylene-�derived units.

4. Composition according to any of the preceding claims in which the at least one polymer comprising propylene-
derived units comprises at least 5 wt. �% of comonomer units derived from monomers other than propylene.

5. Composition according to any of the preceding claims in which the at least one polymer comprising propylene-
derived units contains ethylene-�derived comonomer units.

6. Composition according to any of the preceding claims in which the at least one polymer comprising propylene-
derived units comprises from 75 wt.�% to 95 wt.�% propylene-�derived units and from 5 wt.�% to 25 wt.�%, preferably
10 to 20 wt % ethylene-�derived units.

7. Composition according to any of the preceding claims in which the polymeric composition comprises 75 parts by
weight to 99.5 parts, preferably from 80 to 99 parts, by weight of the at least one high density polyethylene per 100
parts by weight of the polymeric composition and.�5 parts by weight to 25, and preferably from . �5 to 15 parts by
weight of the at least one polymer comprising propylene-�derived units per 100 parts by weight of the polymeric
composition.

8. Composition according to any of the preceding claims in which the polymeric composition comprises at least 90
parts by weight of the at least one high density polyethylene per 100 parts by weight of the polymeric composition
and 1 parts by weight to 10 parts by weight of the at least one polymer comprising propylene-�derived units per 100
parts by weight of the polymeric composition.

9. Composition according to any of the preceding claims in which the at least one high density polyethylene has an
MI of from 0.02 to 30; an Mw/Mn of from 1.5 to 40; and preferably a density less than 0.965 g/cm3.
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10. Composition according to any of the preceding claims in which the ratio of the environmental (F100) stress crack
resistance of the polymeric blend to the environmental stress crack resistance of at least one high density polyethylene
polymer is at least 1.2.

11. Composition according to any of the preceding claims in which the ratio of the flexural modulus of the polymeric
composition to the flex modulus of the at least one high density polyethylene is greater than 0.6.

12. Composition according to any of the preceding claims in which the combined weights of the at least one high density
polyethylene and the at least one polymer comprising propytene-�derived units comprise from 60 wt.�% to 100 wt%
of the polymeric composition.

13. Composition according to any of the preceding claims which contains at least 80 parts, preferably at least 85 part
of the at least one high density polyethylene and the at least one polymer comprising propylene-�derived units and
in which the composition contains at least 0.5 parts of a isotactic polypropylene based polymer having a melting
point of at least 115° C as determined by DSC and/or at least 0.5 parts of an ethylene interpolymer having a density
of less 0.91 g/cm3.

14. Composition according to any of the preceding claims which comprises from 1 part to 40 parts of based upon 100
parts of the polymeric composition of an additive selected from the group consisting of a filler, a pigment, a coloring
agent, a processing oil, a plasticizer, and mixtures thereof.

15. Composition according to any of the preceding claims in which the polymeric composition has a flex modulus of
440 MPa to 970 MPa.

16. Composition according to any of the preceding claims in which the at least one polymer comprising propylene-
derived units comprises polyene-�derived units in an amount within the range of from about 0.3 wt.�% to about 3 wt.
%, based on the combined weight of the propylene-�derived units and the ethylene-�derived units, and which are
preferably derived from 5-�ethytidene-�2- norbornene and/or from 5-�vinyl- �2-�norbornene.

17. A process for producing a polymeric composition according to any of the preceding claims comprising combining
and preferably melt blending (i) � the at least one high density polyethylene polymer and (ii) the at least one polymer
having a heat of fusion of less than 75 J/g.

18. A container comprised of a polymeric composition according to any of claims to 16.

19. An extruded article comprised of a polymeric composition according to any of claims 1 to 16 and is preferably a pipe
segment.

20. Use of at least 0.5 parts of a polymer comprising propylcne-�derived units having a heat of fusion of less than 75 J/g
an isotactic triad fraction of 65% to 99% due to isotactically arranged propylene sequences for the improvement of
the ESCR of an HDFE material having a density of at least 0.935 g/cm3 wherein the polymeric material with improved
ESCR has a flex modulus of at least 410 MPa.

Patentansprüche

1. Polymere Zusammensetzung, die

(i) 70 bis 99,5 Gewichtsteile pro 100 Gewichtsteile der polymeren Zusammensetzung mindestens eines Polye-
thylenpolymers hoher Dichte mit einer Dichte von mindestens 0,935 g/cm3 und
(ii) 0,5 bis 30 Gewichtsteile pro 100 Gewichtsteile der polymeren Zusammensetzung mindestens eines Poly-
mers, das von Propylen abgeleitete Einheiten umfasst und eine Schmelzwärme von weniger als 75 J/g aufweist,
wobei die von Propylen abgeleiteten Einheiten einen isotaktischen Triadenanteil von 65 % bis 99 % aufweisen,

umfasst, wobei die polymere Zusammensetzung einen Biegemodul von mindestens 410 MPa aufweist.

2. Zusammensetzung nach Anspruch 1, die einen Umgebungsspannungsrisswiderstand (ESCR, environmental stress
crack resistance) (F100) von mindestens 24 Stunden aufweist.
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3. Zusammensetzung nach Anspruch 1 oder 2, bei der das mindestens eine Polymer, das von Propylen abgeleitete
Einheiten umfasst, ein Copolymer ist, das mindestens 75 Gew.-�% von Propylen abgeleitete Einheiten umfasst.

4. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das mindestens eine Polymer, das von Propylen
abgeleitete Einheiten umfasst, mindestens 5 Gew.-�% Comonomereinheiten umfasst, die von von Propylen verschie-
denen Monomeren abgeleitet sind.

5. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das mindestens eine Polymer, das von Propylen
abgeleitete Einheiten umfasst, von Ethylen abgeleitete Comonomereinheiten enthält.

6. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das mindestens eine Polymer, das von Propylen
abgeleitete Einheiten umfasst, 75 bis 95 Gew.-�% von Propylen abgeleitete Einheiten und 5 bis 25 Gew.-�%, vor-
zugsweise 10 bis 20 Gew.-�% von Ethylen abgeleitete Einheiten umfasst.

7. Zusammensetzung nach einem der vorherigen Ansprüche, die 75 bis 99,5 Gewichtsteile, vorzugsweise 80 bis 99
Gewichtsteile pro 100 Gewichtsteile der polymeren Zusammensetzung mindestens eines Polyethylens hoher Dichte
und 0,5 bis 25 Gewichtsteile, vorzugsweise 0,5 bis 15 Gewichtsteile pro 100 Gewichtsteile der polymeren Zusam-
mensetzung mindestens eines Polymers umfasst, das von Propylen abgeleitete Einheiten umfasst.

8. Zusammensetzung nach einem der vorherigen Ansprüche, die mindestens 90 Gewichtsteile pro 100 Gewichtsteile
der polymeren Zusammensetzung mindestens eines Polyethylens hoher Dichte und 1 bis 10 Gewichtsteile pro 100
Gewichtsteile der polymeren Zusammensetzung mindestens eines Polymers umfasst, das von Propylen abgeleitete
Einheiten umfasst.

9. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das mindestens eine Polyethylen hoher Dichte
einen Schmelzindex (MI) von 0,02 bis 30, eine Molekulargewichtsverteilung (Mw/Mn) von 1,5 bis 40 und vorzugsweise
eine Dichte von weniger als 0,965 g/cm3 aufweist.

10. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das Verhältnis des Umgebungsspannungsriss-
widerstands (F100) des polymeren Gemischs zum Umgebungsspannungsrisswiderstands des mindestens einen
Polyethylenpolymers hoher Dichte mindestens 1,2 beträgt.

11. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das Verhältnis des Biegemoduls der polymeren
Zusammensetzung zum Biegemodul des mindestens einen Polyethylens hoher Dichte größer als 0,6 ist.

12. Zusammensetzung nach einem der vorherigen Ansprüche, bei der die kombinierten Gewichte des mindestens einen
Polyethylens hoher Dichte und des mindestens einen Polymers, das von Propylen abgeleitete Einheiten umfasst,
60 bis 100 Gew.- �% der polymeren Zusammensetzung ausmachen.

13. Zusammensetzung nach einem der vorherigen Ansprüche, die mindestens 80 Teile, vorzugsweise mindestens 85
Teile des mindestens einen Polyethylens hoher Dichte und des mindestens einen Polymers enthält, das von Propylen
abgeleitete Einheiten umfasst, wobei die Zusammensetzung mindestens 0,5 Teile eines Polymers auf Basis von
isotaktischem Polypropylen mit einem Schmelzpunkt von mindestens 115 °C, bestimmt durch DSC, und/�oder min-
destens 0,5 Teile eines Ethylen-�Copolymers mit einer Dichte von weniger als 0.91 g/cm3 enthält.

14. Zusammensetzung nach einem der vorherigen Ansprüche, die bezogen auf 100 Teile der polymeren Zusammen-
setzung 1 bis 40 Teile eines Additivs ausgewählt aus der Gruppe bestehend aus Füllstoff, Pigment, Färbungsmittel,
Prozessöl, Weichmacher und Mischungen davon umfasst.

15. Zusammensetzung nach einem der vorherigen Ansprüche, die einen Biegemodul von 440 bis 970 MPa aufweist.

16. Zusammensetzung nach einem der vorherigen Ansprüche, bei der das mindestens eine Polymer, das von Propylen
abgeleitete Einheiten umfasst, bezogen auf das kombinierte Gewicht der von Propylen abgeleiteten Einheiten und
der von Ethylen abgeleiteten Einheiten von Polyen abgeleitete Einheiten in einer Menge im Bereich von etwa 0,3
bis etwa 3 Gew.- �% umfasst, die vorzugsweise von 5-�Ethyliden-�2-�norbornen und/�oder von 5-�Vinyl-�2- �norbornen ab-
geleitet sind.

17. Verfahren zur Herstellung einer polymeren Zusammensetzung gemäß einem der vorherigen Ansprüche, bei dem
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(i) das mindestens eine Polyethylenpolymer mit hoher Dichte und (ii) das mindestens eine Polymer mit einer Schmelz-
wärme von weniger als 75 J/g kombiniert und vorzugsweise schmelzgemischt werden.

18. Behälter, der aus einer polymeren Zusammensetzung gemäß einem der Ansprüche 1 bis 16 zusammengesetzt ist.

19. Extrudierter Gegenstand, der aus einer polymeren Zusammensetzung gemäß einem der Ansprüche 1 bis 16 zu-
sammengesetzt ist und vorzugsweise ein Rohrabschnitt ist.

20. Verwendung von mindestens 0,5 Teilen eines Polymers, das von Propylen abgeleitete Einheiten umfasst und eine
Schmelzwärme von weniger 75 J/g sowie aufgrund isotaktisch angeordneter Propylensequenzen einen isotaktischen
Triadenanteil von 65 % bis 99 % aufweist, zur Verbesserung des ESCR eines HDPE- �Materials mit einer Dichte von
mindestens 0,935 g/cm3, wobei das polymere Material mit verbessertem ESCR einen Biegemodul von mindestens
410 MPa aufweist.

Revendications

1. Composition polymère comprenant :�

(i) de 70 parties à 99,5 parties en poids d’au moins un polymère polyéthylène à haute densité, présentant une
densité d’au moins 0,935 g/cm3 pour 100 parties en poids de la composition polymère ; et
(ii) de 0,5 partie à 30 parties en poids d’au moins un polymère renfermant des motifs dérivés du propylène,
présentant une chaleur de fusion inférieure à 75 J/g, dans lequel les motifs dérivés du propylène présentent
une fraction triade isotactique de 65 % à 99 % pour 100 parties en poids de la composition polymère ;

où la composition polymère présente un module de flexion d’au moins 410 MPa.

2. Composition selon la revendication 1, présentant une résistance à la fissuration sous contrainte environnementale
(F100) d’au moins 24 heures.

3. Composition selon la revendication 1 ou la revendication 2, dans laquelle l’au moins un polymère renfermant des
motifs dérivés du propylène est un copolymère renfermant au moins 75 % en poids de motifs dérivés du propylène.

4. Composition selon l’une quelconque des revendications précédentes, dans laquelle l’au moins un polymère renfer-
mant des motifs dérivés du propylène renferme au moins 5 % en poids de motifs comonomères dérivés de mono-
mères autres que le propylène.

5. Composition selon l’une quelconque des revendications précédentes, dans laquelle l’au moins un polymère renfer-
mant des motifs dérivés du propylène renferme des motifs comonomères dérivés de l’éthylène.

6. Composition selon l’une quelconque des revendications précédentes, dans laquelle l’au moins un polymère renfer-
mant des motifs dérivés du propylène renferme de 75 % en poids à 95 % en poids de motifs dérivés du propylène
et de 5 % en poids à 25 % en poids, de préférence de 10 à 20 % en poids, de motifs dérivés de l’éthylène.

7. Composition selon l’une quelconque des revendications précédentes, dans laquelle la composition polymère com-
prend de 75 parties en poids à 99,5 parties, de préférence de 80 à 99 parties, en poids de l’au moins un polyéthylène
à haute densité pour 100 parties en poids de la composition polymère, et de 0,5 partie en poids à 25, et de préférence
de 0,5 à 15 parties en poids de l’au moins un polymère renfermant des motifs dérivés du propylène pour 100 parties
en poids de la composition polymère.

8. Composition selon l’une quelconque des revendications précédentes, dans laquelle la composition polymère com-
prend au moins 90 parties en poids de l’au moins un polyéthylène à haute densité pour 100 parties en poids de la
composition polymère, et de 1 partie en poids à 10 parties en poids de l’au moins un polymère renfermant des
motifs dérivés du propylène pour 100 parties en poids de la composition polymère.

9. Composition selon l’une quelconque des revendications précédentes, dans laquelle l’au moins un polyéthylène à
haute densité présente un MI de 0,02 à 30 ; un Mw/Mn de 1,5 à 40 ; et, de préférence, une densité inférieure à
0,965 g/cm3.
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10. Composition selon l’une quelconque des revendications précédentes, dans laquelle le rapport entre la résistance
à la fissuration sous contrainte environnementale (F100) du mélange polymère et la résistance à la fissuration sous
contrainte environnementale d’au moins un polymère polyéthylène à haute densité est d’au moins 1,2.

11. Composition selon l’une quelconque des revendications précédentes, dans laquelle le rapport entre le module de
flexion de la composition polymère et le module de flexion de l’au moins un polyéthylène à haute densité est supérieur
à 0,6.

12. Composition selon l’une quelconque des revendications précédentes, dans laquelle les poids combinés de l’au
moins un polyéthylène à haute densité et de l’au moins un polymère renfermant des motifs dérivés du propylène
constituent de 60 % en poids à 100 % en poids de la composition polymère.

13. Composition selon l’une quelconque des revendications précédentes, qui contient au moins 80 parties, de préférence
au moins 85 parties de l’au moins un polyéthylène à haute densité et de l’au moins un polymère renfermant des
motifs dérivés du propylène, et où la composition contient au moins 0,5 partie d’un polymère à base de polypropylène
isotactique présentant un point de fusion d’au moins 115 °C, tel que déterminé par ACD, et/ou au moins 0,5 partie
d’un interpolymère d’éthylène présentant une densité inférieure à 0,91 g/cm3.

14. Composition selon l’une quelconque des revendications précédentes, qui comprend de 1 partie à 40 parties, par
rapport à 100 parties de la composition polymère, d’un additif choisi parmi le groupe constitué d’une charge, d’un
pigment, d’un agent colorant, d’une huile de traitement, d’un agent plastifiant, et de leurs mélanges.

15. Composition selon l’une quelconque des revendications précédentes, dans laquelle la composition polymère pré-
sente un module de flexion de 440 MPa à 970 MPa.

16. Composition selon l’une quelconque des revendications précédentes, dans laquelle l’au moins un polymère renfer-
mant des motifs dérivés du propylène renferme des motifs dérivés d’un polyène en une quantité dans la plage
d’environ 0,3 % en poids à environ 3 % en poids, par rapport au poids combiné des motifs dérivés du propylène et
des motifs dérivés de l’éthylène, et sont, de préférence, dérivés du 5-éthylidène-�2-�norbornène et/ou du 5-�vinyl-�2-
norbornène.

17. Procédé de production d’une composition polymère selon l’une quelconque des revendications précédentes, com-
prenant la combinaison et, de préférence, le mélangeage à l’état fondu de (i) l’au moins un polymère polyéthylène
à haute densité, et (ii) l’au moins un polymère présentant une chaleur de fusion inférieure à 75 J/g.

18. Contenant constitué d’une composition polymère selon l’une quelconque des revendications 1 à 16.

19. Article extrudé constitué d’une composition polymère selon l’une quelconque des revendications 1 à 16 et qui est,
de préférence, un segment de tuyau.

20. Utilisation d’au moins 0,5 partie d’un polymère renfermant des motifs dérivés du propylène présentant une chaleur
de fusion inférieure à 75 J/g et une fraction triade isotactique de 65 % à 99 % en raison de séquences de propylène
agencées de façon isotactique pour l’amélioration de l’ESCR d’une matière HDPE présentant une densité d’au
moins 0,935 g/cm3, dans laquelle la matière polymère, présentant une ESCR améliorée, présente un module de
flexion d’au moins 410 MPa.
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